The human and equine CA III sequences are taken from Lloyd et ul. ( 1986) and Wendorff et al. ( 1985) . The known residues of the chicken CA III sequence are taken from HewettEmmett et a/. ( 1984) .
Amino acid sequence Following denaturation, tryptic digestion of both BD-modified CA I11 ( a ) and an unmodified control sample ( h ) was achieved by incubation with 2% (w/w) trypsin in 0.05 M-T~~s/CI buffer, p H 8.65, for 16 h at 37°C. T h e tryptic peptides were separated by h.p.1.c.
on a Waters C,, pBondapak reverse-phase column as described by Hewett-Emmett et ul. (1983) . They were identified by amino acid analysis, employing a Waters Pico-Tag system, and comparison with known C A I11 sequences. Fig. 1 shows that, on modification of chicken C A 111 with butanedione, the tryptic peptide 92-1 13 was replaced by peptide YO-1 13. Clearly the peptide bond between residues 91 and 92 was no longer cleaved by trypsin after butanedione modification. This indicates that residue 9 1 is indeed occupied by arginine (not lysine) and that this arginine had been modified by the butanedione. T h e decrease in peptide 8 1-89 (confirmed by sequencing) indicates that tryptic digestion occurred normally, that position 89 is occupied by arginine, and that residues 8 0 and/or 89 were also modified. However, both C A I and C A 11, which are not activated by butanedione, have arginine at position 89 and residue 80 is not at the active site. Table 1 shows how the relevant peptides were identified by fitting their amino acid compositions to the known, identical sequences of human and equine CA Ill.
Since acetazolamide makes contact with residue 91 when bound t o CA 1 or C A 11 (Kannan, 1980) , the lower affinity of C A 111 for this inhibitor may well be due to the presence of arginine in this position (Chegwidden et ul., 1986h) and thc increase in affinity for acetazolamide on butanedione modification could be explained by the blocking of this residue.
T h e data presented here support our suggestion (Chegwidden et ul., 1 9 8 6~) that modification of Arg-9 1 may be associated with enhancement of esterase activity and of acetazolamide bonding to C A Ill, and modification of Arg-6 7 (in human CA 111) with enhancement of bicarbonate dehydration activity. for activity (Spencer et al., 1987) ; removal of the metal results in loss of catalytic activity. Determination of zinc content by atomic absorption shows maximum specific activity is obtained upon the binding of 1 mol of Z n per mol of subunit. Reactivation of apo-GDH in standard assay conditions containing 20 ,uM-Zn2+ was found to be dependent upon the temperature and p H of the potassium phosphate buffer in which apo-GDH was preincubated. Low p H (6.0) and higher temperatures (up to 40°C) favoured near maximum (80% + ) reactivation upon addition of Zn. High pH (8) and low temperature ( 0 T ) resulted in only 30% reactivation. Both effects mediated by pH or temperature were found to be freely reversible. Preliminary results indicate that reduction of the ability of the enzyme to exhibit full activity upon the addition of metal ions appears to be due to formation of conformers unable to bind metal. The activity of the holoenzyme is not affected by similar changes in the preincubation conditions.
The cofactor-binding site of GDH is maintained in the apo form with essentially the same affinity, indicating that the metal is not involved in cofactor binding. Addition of glycerol to holo-GDH increases the dissociation constant, K,, for NADH approximately 5-fold (0.25 ,UM to 1.25 ,uM). The increase in K , is a result of decrease in the 'rate-on' for the binding process. Glycerol has no such effects on the binding reaction between NADH and apo-enzyme. The glycerol dehydrogenase from Bacillus stearothermophilus is an NAD-specific dehydrogenase (EC 1.1.1.6) which oxidizes glycerol to dihydroxyacetone. Examination of the protein's single high-affinity binding site per subunit for reduced coenzyme (Spencer et al., 1987) by fluorescence spectroscopy and chemical modification by trinitrobenzene sulphonate suggested that one or more lysine residues may be present at or near to this site. We have examined this possibility by using the reagent pyridoxal 5-phosphate (PLP). This reagent is more specific for the modification of lysine residues and has been used before in the elucidation of reactive lysyl residues in NAD-linked dehydrogenases (Piszkiewicz et al., 1970; Piszkiewicz & Smith, 197 1).
Reaction of the enzyme with PLP leads to a rapid loss of activity which can be prevented by the inclusion of either NAD or NADH in the reaction mixture. Reduction by sodium borohydride leads to the stabilization of the complex, Abbreviation used: PLP, pyridoxal5-phosphate.
incorporates radioactivity and reduces the enzyme-bound PLP to the fluorescent PLP derivative. The number of equivalents of the reagent incorporated can therefore be determined by monitoring the fluorescence of the enzyme-bound label, the radioactivity incorporated or from the absorbance at 325 nm of the pyridoxal group ( A 3 2 s n m = 10700). Such analyses have shown that although 2-3 equivalents of the reagent are required to eliminate all enzyme activity, these react with different rates and that the fastest component of the reaction progress curve, incorporating one equivalent of PLP, is probably responsible for the complete inactivation of the enzyme.
Use of the fluorescent properties of the reduced coenzyme NADH allows the effects of the modification on coenzyme binding to be monitored. The loss of the enzyme activity and the loss of the high-affinity binding site for NADH proceed at the same rate, suggesting that inability to bind NADH is the cause of the loss of activity. During the commercial process for the production of citric acid using Aspergillus niger, a significant amount of glycerol is produced (Legisa & Mattey, 1 9 8 6~) .
In the first 24 h glycerol accumulates in the medium to a concentration of about 0.1 M, and may persist in the medium for several days.
The metabolic fate of the glycerol, on the basis of the carbon balance, is to form citric acid. The synthesis is due to an, NADP'-specific glycerol dehydrogenase (Baliga et al., 1962) . Only one enzyme was isolated by Baliga et al. (1 962), by washing surface-grown mycelium with 0.04 M-ammonia solution. With submerged cultures this procedure releases only a small fraction of the total enzyme activity. If the mycelium is disrupted by bead milling, then enzyme activity can be found in both cytoplasmic and mitochondria1 preparations. This suggests that more than one enzyme or isoenzyme is present, although a single form of NADP' -specific isocitrate dehydrogenase has been reported to be present in both compartments in this fungus (Meixner-Monori et al., 1086) . The glycerol dehydrogenase is specific for NADP+ and glycerol. The reaction produces dihydroxyacetone:
Glycerol + NADP' = dihydroxyacetone + NADPH + H + This study examines the effect of bicarbonate ions on the enzyme and seeks to explain the apparent paradox between the assay of Baliga et al. (1964) , where bicarbonate was absent, and that of Legisa & Mattey (1086h) , where activity was insignificant in the absence of bicarbonate.
The enzyme in this study was partially purified from mycelium grown for 5 days in submerged culture, using the medium employed by Legisa & Mattey (19866) . In their study the mycelium was grown for less than 24 h. The study of Baliga ef al. (1964) used 7-8 day surface-cultured mycelium. These differences may be significant.
The enzyme was assayed spectrophotometrically with either glycerol or dihydroxyacetone as substrate. When buffers containing sodium salts were used, kinetic data
